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Why kinship?



Why a formal model?

• birth

• death

• family and kinship
Lots of theory for fertility and mortality

• population growth
• structure
• persistence/extinction
• evolution

For kinship: not so much1

1"No model, no understanding." Nathan Keyfitz



Kinship: Goodman, Keyfitz, and Pullum 1974
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A set of age-specific rates of birth and death implies expected numbers of kin. 
An individual girl or woman chosen at random out of a population whose 
birth and death rates are specified can be expected to have a certain number of 
older sisters, younger sisters, nieces, cousins; expressions for these values are 
provided for both total kin and kin who are still living. Included also are the 
probabilities of living mother, grandmother, and great grandmother for girls and 
women of various ages. The methods are applicable to the size of the nuclear and 
the extended family. All formulas have been programmed and specimen 
numerical values are given. 

If two communities have equal death rates, girls in the community of higher 
fertility will expect to have more sisters and aunts. On the other hand, if birth 
rates are equal, girls in the community of lower mortality are more likely to have 
a living mother or grandmother. We shall show here how to calculate expected 
frequencies and probabilities for these and a variety of other kinship relationships, 
as well as providing expressions for the mean size of the nuclear and extended 
families. 

The results will be based on a given and fixed regime of mortality and fertility, 
represented by 

(a) the chance that a newborn girl survives to age X, denoted Z, . This is 
the same as the number-surviving column of the life table. when the radix I, 
is set equal to 1. If the age-specific death rate in the age interval t to t + dt is pt 
(per unit of time), then Z, = exp(-si pLt dt). Th us, being given the age-specific 
death rate pt (for 0 ,( t < co) is equivalent to being given the survival proba- 
bility 1, (for 0 < x < co). 

(b) the chance that a woman of age x has a child in the next dx years (i.e., in 
the age interval from x to x + dx), denoted m,dx. We will call the lowest and 
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x, where x < y, is m, dz. The prospective number of daughters that this older 
sister of her mother would have had would be lu,mw dw, added from 01 to the 
present time, which is to say to a + x + y - z, using again the device of 
counting time through the ages of the several persons involved. To find the 
complete answer, we need only multiply the probabilities and integrate through 
all possible ages x (mother’s age at childbirth), y (grandmother’s age at child- 
birth), and x (grandmother’s age at birth of older sister of mother) to obtain 

Z,m, dw) m, dz/ W(y) dy] W(x) dx. (6.1.a) 

Figure 1 may help in following the lines of descent involved in this argument. 
For cousins whose mother is younger than the mother of the girl aged a, we 

need only replace the integral over a. We have to allow for survival of the grand- 
mother to that age z, and to do so we replace m, in the above expression by 

FIG. 1. Lexis diagram for cousin of a girl aged a through mother’s elder sister. 

(4/4) m, - In addition, the limits of the corresponding integration have to be 
altered; instead of 01 toy, they become y to a + x + y. Hence, we have 

Z,m, dw) $ m, dz/ W(y) dy] W(x) dx, (6.2.a) 
w 

for cousins whose mother is a younger sister of the mother of the girl aged a. 
The l, in the denominator could be cancelled with the 1, contained in W(y). 

The sum of the two integrals would give the expected number of cousins 
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Meet Focal

• female (or male) of specified age
• specified mortality and fertility
• distribution ⇡ of ages of mothers at birth



The kin of Focal are a population

. . . so we might as well model them as one



Population projection
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Model the kin of Focal as a population

k(x + 1) = Uk(x) + �(x)
k(0) = k0

k(x) = age distribution of some type of kin at age x of Focal
U = survival matrix

�(x) = recruitment ‘subsidy’ at age x of Focal

=

⇢
0 no recruitment
F k⇤(x) recruitment from kin of type k⇤

k0 = initial condition (kin at the birth of Focal)



The pieces

• survival matrix U
• recruitment subsidy �

• initial condition k(0)



Dynamics of kin of Focal: daughters

a(x) = daughters of Focal

• initial condition? Focal has no daughters at birth.

a0 = 0

• recruitment? New daughters are the result of reproduction
by Focal.

�(x) = Fex

where
ex =

�
0 · · · 1 · · · 0

�T

so
a(x + 1) = Ua(x) + Fex



Dynamics of kin of Focal: granddaughters

b(x) = granddaughters of Focal

• initial condition? Focal has no granddaughters at birth.

b0 = 0

• recruitment? New granddaughters are the result of
reproduction by daughters.

�(x) = Fax

so
b(x + 1) = Ub(x) + Fax



Dynamics of kin of Focal: mothers

d(x) = mothers of Focal

• initial condition? Focal has one mother at birth; age
unknown but distributed as ⇡

d0 =
X

i

⇡iei = ⇡

• recruitment? No new mothers obtained after birth of Focal

�(x) = 0

so
d(x + 1) = Ud(x) + 0



Dynamics of kin of Focal: younger sisters

n(x) = younger sisters of Focal

• initial condition? Focal has no younger sisters at the time
of her birth.

n0 = 0

• recruitment? New younger sisters are the children of
Focal’s mother

�(x) = Fd(x)

so
n(x + 1) = Un(x) + Fd(x)



Dynamics of kin of Focal: older sisters

m(x) = older sisters of Focal

• initial condition? Older sisters of Focal at birth are the
children of Focal’s mother at the birth of Focal

m0 =
X

i

⇡ia(i)

• recruitment subsidy? Focal acquires no new older sisters
after she is born

�(x) = 0

so
m(x + 1) = Um(x) + 0



Dynamics of kin of Focal at age x

Symbol Kin i.c. k0 �(x)
a daughters 0 Fex
b granddaughters 0 Fa(x)
c great-granddaughters 0 Fb(x)
d mothers ⇡ 0
g grandmothers

P
i ⇡id(i) 0

h great-grandmothers
P

i ⇡ig(i) 0
m older sisters

P
i ⇡ia(i) 0

n younger sisters 0 Fd(x)
p nieces via older sisters

P
i ⇡ib(i) Fm(x)

q nieces via younger sisters 0 Fn(x)
r aunts older than mother

P
i ⇡im(i) 0

s aunts younger than mother
P

i ⇡in(i) Fg(x)
t cousins from aunts older than mother

P
i ⇡ip(i) Fr(x)

v cousins from aunts younger than mother
P

i ⇡iq(i) Fs(x)



Example: Japan 1947 and 20144

1947 2014 %
life exp 54 87 +61%

TFR 4.6 1.4 �70%

R0 1.7 0.7 �59%

4Caswell 2019 Demographic Research



Numbers of kin
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Numbers of kin: sisters and cousins

0 20 40 60 80 100 120

Age of focal

0

0.5

1

1.5

2

si
st

e
rs

Numbers of kin

1947
2014

0 20 40 60 80 100 120

Age of focal

0

0.5

1

1.5

2

2.5

3

co
u

si
n

s

Numbers of kin

1947
2014



Numbers of kin: mothers and grandmothers
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Beyond age distributions: death and bereavement

ek(x) =
✓

kliving
kdead

◆
(x)

Then

ek(x + 1) =

8
>>>>><

>>>>>:

✓
U 0
M 0

◆
ek(x) + e�(x) experienced at age x

✓
U 0
M I

◆
ek(x) + e�(x) cumulative to age x

where
M = diag(q)

• can be extended to causes of death or ages at death



Deaths of kin: daughters
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Multistate kinship models: age and something else5

s = number of ‘stages’
! = number of age classes

Joint age⇥stage structure of kin of type k:

ek(x) =

0

BBBBBBBBBBB@

k11
...

ks1
...

k1!
...

ks!

1

CCCCCCCCCCCA

(x) =

0

BBB@

k1
k2
...

k!

1

CCCA
(x)

5Caswell 2020, Demographic Research



An example: age and parity in Slovakia

Stage (parity) transition structure:

Slovakia 1960 – 2014

1960 2014
TFR 3.6 1.5 �63%
Life expectancy 62 80 +29%



Slovakia: marginal partity structure of daughters
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Slovakia: proportional parity structure of daughters
1960
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Extending the formal theory

• basic theory (Caswell 2019)
• age⇥stage multistate models (Caswell 2020)
• time-varying models (Caswell and Song 2021)
• two-sex models (Caswell 2022)6

and, of course, more in development
• stochastic models
• dynamics and persistence of lineages
• kinship for animals
• bereavement and causes of death
• and so on

6These citations get redundant; the series is published in Demographic
Research if you want to find it



Thank you.


